Purpose: Adolescence may be a period particularly relevant for acquisition of lifelong habits of physical activity (PA). We investigated the tracking of leisure-time PA from 13 to 17 years old and the influence of urban environment and other determinants. Methods: As part of the EPITeen cohort (Portugal), we evaluated 969 adolescents living in the city of Porto. Participants were assembled in public and private schools at 13 years and reevaluated at 17 years. Leisure-time PA was evaluated by self-reported questionnaires. The shortest routes from residence to urban green spaces and open sports spaces were calculated using the street network within a Geographical Information System. Odds ratio (OR) and 95% confidence intervals were calculated by multinomial logistic regression. Results: Among sedentary girls at 13 years, 33.1% were still sedentary at 17 years, 39.8% changed to low, 22.3% to moderate, and only 4.6% changed to vigorous PA. In boys, the respective values were 32.3%, 17.3%, 36.2%, and 14.2%. High PA levels were maintained by 19
This study adds information on the tracking of leisure-time physical activity throughout adolescence and on the main characteristics that influence its changes. Urban environment did not affect observed changes in the levels of PA throughout adolescence. Practice of sports at 13 years was the major determinant of high PA throughout adolescence.
Physical inactivity is one of the eight risk factors whose reduction would increase global life expectancy [1] . Adolescence is a very important period since it is a timing of acquisition of physical activity (PA)-related behaviors that extend to adult life [2, 3] . However, globally, the proportion of 13-to 15-year-old adolescents practicing less than 60 minutes of moderate to vigorous PA per day is above 80%, and the prevalence is higher among girls [4] . Additionally, there is a sharp decline in intensity of PA throughout adolescence [5, 6] .
Improving PA in young people is a priority to achieve direct health benefits and also to increase self-esteem, self-expression, self-confidence, and assertiveness, factors considered potential determinants of health-related behaviors [7e9] .
Various domains of activity contribute to adolescents PA levels: school activities, transport-related, domestic, and leisuretime activities. However, since most of the adolescents' day is spent at school on sedentary activities (e.g., seated in classes), leisure-time activities are the main contributors to the differences in PA among adolescents [10, 11] . So, it is certainly important to understand the factors that influence leisure-time PA throughout adolescence.
The urban environment, both the natural and built, can influence leisure-time PA, namely by providing sports spaces, green spaces, and parks, which increase the opportunity to practice leisure-time PA in children and/or adolescents [12, 13] . Previous studies about the association between urban environment and PA showed contradictory results: several studies showed that the urban environment is a determinant of PA [5, 14] ; however others did not find any association [15, 16] . Additionally, most of those studies are cross sectional [17] , and results need to be confirmed using a longitudinal approach [5, 18] . On the other hand, the potential effect of the urban environment may differ at different ages [12] , since children and young adolescents are less autonomous than older adolescents. Therefore, with increasing autonomy throughout adolescence, mobility increases, and this might reduce the effect of not having facilities closer to home.
Our aim is to understand, through a longitudinal study, how leisure-time PA changes from early to late adolescence (from 13 to 17 years old) and to evaluate how the urban environment and other determinants influence it.
Methods

Participants
Eligible participants were adolescents from the Epidemiological Health Investigation of Teenagers in Porto cohort. As previously reported [19] At baseline, 2,159 adolescents agreed to participate (77.5% of participation). Four years later 79.4% participants were reevaluated. For this analysis, we excluded participants who do not live in Porto (n ¼ 612). From the 1,547 living in Porto, 244 were lost to follow-up and 334 had missing data on leisure-time PA or sports in at least one of the evaluations. Our final sample comprises 969 participants. Those who were lost to follow-up had parents with lower education [mean (standard deviation) 8.6 (4.4) years of school attainment vs. 10.9 (4.7), p < .001], had lower proportion of sports practitioners (p < .001), but no differences were found regarding distances to urban green spaces (UGS) or open sports spaces (OSS).
Data collection
Both evaluations followed similar procedures [19] . Data were collected using self-administered questionnaires, comprising information on individual and family history of disease, behavioral, social, and demographic characteristics.
Tracking of leisure-time physical activity
Self-perception of leisure-time PA was evaluated using the question: "How do you spend your leisure-time out of school activities?" Four closed response options were provided: most of the time sitting (sedentary); the majority of the time standing up or walking, without running (low); half of the time standing up and the rest running or playing (moderate); the majority of the time running or playing (vigorous).
A validity study was developed in a sample of 209 participants (57.4% girls), aged from 14 to 18 years. Those participants did not participate in the Epidemiological Health Investigation of Teenagers in Porto cohort but attended schools in Porto. We compared self-reported data with objective measures obtained on seven consecutive days by Actigraph accelerometers, model GT1M (Actigraph LLC Pensacola, FL). The correlation between methods was .42 for girls and .46 for boys, which are in line with a systematic review that found a median validity coefficients ranging from .30 to .39 [20] .
Adolescents who reported spending the majority of the time sitting, standing up, or walking (the first two answer options) were grouped and classified as light PA, those reporting the two other options were classified as moderate/vigorous PA. Based on these two groups, we classified PA changes between 13 and 17 years: those with light PA at both momentsdstable light (reference category); those who changed from light to moderate/vigorous PAdincreasing; those who changed from moderate/vigorous to light PAddecreasing; and those with moderate/vigorous PA at both momentsdstable high.
Other self-reported variables
Sports practice was considered if the participant reported practicing sports activities outside the compulsory school curriculum.
Participation in sports competitions was evaluated using a question with five closed response options: never participated; do not participate now, but had already participated; yes, interscholastic; yes, in a club; yes, at a national and/or international level. For our analysis, we grouped the three last answers in a single category, comprising adolescents that participated in any sports competition at 13 years.
Transportation between school and home was classified in both waves as "No Active" if adolescents used bus, car, or motorcycle and as "Active" if they walked or cycled to school.
In both waves, smoking was collected by self-reported questionnaires. Combining data from both waves, adolescents were classified into three categories: "no smokers" if they had never smoked; "starting before 13 years" if they reported they had smoked or experienced at 13 years; and "starting after 13 years" if they reported they had not smoked at 13 years, but they reported to smoke at 17 years.
We used educational attainment of the parents as a proxy of socioeconomic status. Educational attainment was obtained through a questionnaire filled in by the parents at home. Parental educational level was measured as the number of successfully completed years of formal schooling, and we considered the information from the parent with the highest education level. Participants were classified in four classes: 6 years; 7e9 years; 10e12 years; and >12 years.
In both waves, data on previous diagnosis of diseases and usual medication were collected. Additionally, information about other specific diseases, such as diabetes, asthma, and rhinitis was assessed.
In both waves, body image perception and ideal image were determined using body shape representation from a figure rating scaledThe Stunkard figures [21] . The figure rating scale consists of a series of nine figure drawings. Each of the nine figures was scored from 1 to 9, with "1" representing the most slender figure and "9" representing the heaviest figure. Body image dissatisfaction was defined by the discrepancy between perceived current and ideal figures (current figure rating minus ideal figure rating). Based on the difference between perceived and desired body images, we defined three classes: no discrepancy between current and ideal body image (satisfied); an ideal figure larger than current (too thin); and an ideal figure thinner than current (too large) [22] .
Anthropometrics
In both waves, a physical examination was performed at school by a trained team under standard procedures, with the participant in light clothing and barefoot [23] . Weight was measured using bioimpedance equipment (Tanita TBF-300, Tanita Corporation of America, Inc., IL), with the participant on the center of the platform with the weight distributed equally on both feet. For height, a portable stadiometer was used. Adolescents were classified according to age-and sex-specific body mass index (BMI) reference percentiles from the U.S. Centers for Disease Control and Prevention [24] . Participants were considered overweight if BMI was at or above the 85th and below the 95th percentile and obese when BMI was at or above the 95th percentile [23] .
Mother's and father's self-reported weight and height were obtained by a questionnaire filled in at home by the parents, and BMI was classified according to WHO classification [25] . Parents whose BMI was 24.9 kg/m 2 were considered normal weight, those with BMI >24.9 to <30.0 kg/m 2 were considered overweight, and those with BMI 30.0 kg/m 2 obese. For our analysis, we grouped overweight and obesity in one category.
Residence and urban facilities georeferencing
Participants' residential addresses were georeferenced by interpolation in street segments using a Geographical Information System.
Urban green spaces. We considered UGS the portions of land with plant species in the urban context, such as parks or gardens. We obtained a digital map from the city council of all the existing UGS in Porto, and we selected those with an area 2,000 m 2 (n ¼ 71).
By a field survey, we evaluated which UGS had adequate facilities for physical or sports activities, such as plain areas for group sports or paths for walking, running, or cycling. We excluded 9 green spaces because of steep gradients, 14 because they were run-down areas, and 22 because they were private green spaces without free access. Thus, 26 UGS remained for our study. For green spaces without walls or fences, we used Geographical Information System to calculate the distance between the residence and the green space, using the street network to identify the closest path; for those green spaces that were delimited by a wall or fence, we georeferenced the entrances using Global Positioning System (GPS) devices and calculated the distance, by the closest path, between the residence and the closest entrance of the green space.
Open sports spaces. OSS were all outdoor public or private facilities for sports practice, with access free of charge and which did not require registration. A total of 46 OSS were reported by the city council and georeferenced using GPS, at the centroid of the space when no wall or fence existed and in the entrance when they were delimited by a wall or a fence, using a GPS.
Distance quantification. The shortest routes from residence to the nearest UGS and OSS were calculated using the street network, considering the density of street intersections and the accentuated elevation differences leading to streets with high slopes. We classified distance into three categories: 400m; >400m to 800m; and >800m, corresponding respectively to a walking time of 5 or less minutes, 6e10 minutes, and more than 10 minutes [26] .
Statistical analysis
The qui-square test was used to compare proportions between classes of PA and independent variables at 13 years and 17 years. The McNemar test was used to compare changes in PA from 13 to 17 years.
Associations between changes in leisure-time PA, adjusted for parental education and body image, were measured using odds ratio and 95% confidence intervals calculated by a multinomial logistic regression. All variables presented in the tables were tested as possible confounders. We started with a global model including all those variables, and then we excluded variables step by step (backward) until we reached the model that presented the best fit (the final model only included body image). However, since our previous studies in this sample showed a strong effect of parental education, and since its inclusion did not change the fit of the model, we decided to include this variable to control for potential residual confounding. Therefore, our final model included body image and parental education. All the analyses were stratified by sex and performed on Statistical Package for the Social Sciences for Windows, version 20.
Ethical considerations
The study was approved by the Ethics Committee of Hospital São João. Policies and procedures were developed to guarantee data confidentiality and protection. Parents and adolescents received written and oral information explaining the purpose and the design of the study and written informed consent was obtained from both.
Results
In both study waves, the proportion of boys reporting moderate/vigorous leisure-time PA was significantly higher than the proportion of girls (58.9% vs. 41.1%, p < .001 at 13 years, and 61.4% vs. 38.6%, p < .001 at 17 years). The decrease in leisure-time PA from 13 to 17 years was higher among females. Table 1 shows the changes in self-perceived leisure-time PA between 13 and 17 years, by sex. Approximately 53% of girls and 35% of boys that were low active at 13 years remained low active at 17 years. Among moderately active adolescents at 13 years, 55% of girls and one-third of boys decreased their leisure-time PA, and only 17% of girls and 28% of boys increased to vigorous activity. Among adolescents that reported vigorous leisure-time PA at 13 years, only 24% of girls and 33% of boys remained vigorous at 17 years. However, the differences did not reach statistical significance (p ¼ .348 for girls and p ¼ .443 for boys).
In both sexes, no significant effect on leisure-time PA changes was observed according to previous diagnosis of asthma and rhinitis and categories of BMI. Significant differences were found in both sexes regarding perception of body image, sports practice, and means of transportation at 13 years. We found a higher proportion of adolescents in the category Stable Light among those who perceived themselves as too large; additionally, a higher proportion of decreasing PA in girls and of Stable High in boys was found among those who perceived themselves as too thin. Adolescents who reported to practice sports or participate in sports competitions remained more active. In boys, the proportion of adolescents in Stable Light was higher among those who had never smoked. BMI, body image, and the means of transportation to school at 17 years were not associated with leisure-time PA changes (Table 2) .
No differences were found on the distribution of the categories of changes in leisure-time PA according to distance from residence to UGS or to OSS. Additionally, no statistically significant differences were found according to parental education and parents' BMI (Table 3) .
After adjustment for parental education and body image at 13 years, in both sexes the practice of sports and the involvement in sports competitions at 13 years was strongly associated with remaining at moderate/vigorous leisure-time PA. Practice of sports at 13 years was also associated with decreasing leisuretime PA, which was explained by the proportion of adolescents that stopped practicing sports during this period (41.2% in girls and 17.0% in boys). Higher parental educational level decreased the odds of decreasing leisure-time PA, although reaching statistical significance only in boys. Participants that started smoking before 13 years had higher odds of decreasing leisuretime PA throughout adolescence. No effect was found between the proximity of residence to UGS or to OSS and the changes in leisure-time PA (Table 4) .
Discussion
From early (13 years) to late adolescence (17 years), we found a decrease in leisure-time PA and a high stability specifically in those with low leisure-time PA. Among the determinants of the tracking of leisure-time PA, sports practice at early adolescence, whether it was recreational or competitive, showed to be the most important determinant among those assessed in this study. Participants who practice sports at early adolescence were more likely to present stable high leisure-time PA from 13 to 17 years, both in girls and boys.
Our results are in accordance with previous studies [27] and highlight the importance of promoting the practice of sports early in life, especially among girls. Different reasons may explain the positive effect of early participation in sports. Previous experience with sports may provide to adolescents the opportunity to experience the benefits of being active and may enhance enjoyment and motivation to continue engaged in leisure-time physical activities throughout adolescence [28, 29] . It could also be determinant to define peers and the perception of belonging to a group [8, 30] .
In our study, the urban environment was not associated with changes in leisure-time PA. Since 99.9% of the adolescents still maintained the same address in the city, and there were no major changes in the urban environment during the follow-up, we believe that the routine of using the available facilities may have been acquired in childhood, and therefore, the increased autonomy from 13 years to 17 years did not change the use of these facilities. Additionally, it is important to consider that the availability of facilities is not the only determinant of utilization [31] , and other characteristics such as safety, attractiveness, surface conditions, and accessibility may influence utilization [32] . Nevertheless, we did not have data to explore the effect of those factors.
We must also take into account other characteristics of the city as a potential explanation for the lack of association between the urban environment and leisure-time PA. Porto is a relatively small city (10.09 km length by 4.10 km width), which makes the greatest distances comparatively short, allowing almost all participants to have a UGS or an OSS close to home. Additionally, the offer of sports spaces in the majority of UGS or OSS is similar, offering facilities more in line with sports generally preferred by boys (football, basketball). Therefore, most boys have the opportunity to practice their favorite sports close to home but most girls do not [33] .
We found that higher parental educational level reduced the odds of decreasing leisure-time PA from 13 to 17 years, although it reached statistical significance only in boys. This is a particularly important factor since, besides protecting from the decrease in leisure-time PA throughout adolescence, it also determined a higher probability of practicing sports at younger ages [33] .
Health characteristics could also influence PA. Since our study is centered on a population-based sample, a very low prevalence of health-related events was reported, being asthma and rhinitis the most frequently reported diseases. For this reason and because they can influence the choice of leisure-time physical activities [34] , we analyzed the association of asthma and rhinitis with changes in PA; however, no association was found.
During this period of life, body image is an important issue [35, 36] . Although after adjustment the results were not statistically significant, the potential effect of body image on leisuretime PA is an interesting finding of our study. In both sexes, we found that participants who perceived their image as too large were less likely to decrease leisure-time PA, and that boys who perceived their image as too thin had higher odds of stable high leisure-time PA. These results support that leisure-time PA is viewed as an instrument to reach the ideal figure, by decreasing weight/fat (among girls and boys) [37] or by increasing muscle among those perceiving their image thinner than the desired one, among boys [38] .
The limitations of our study should be acknowledged. The most important of these is that leisure-time PA was based on self-reported questions, which can increase the potential for recall bias based on social desirability. However, in order to evaluate the ability of our question, we compared the question with objective measures and found acceptable correlation coefficients [20] . However, to evaluate the changes between 13 and 17 years, we aggregated the four categories into two, which limits our ability to understand the determinants of small changes in leisure-time PA. This approach limits the precision of our measurements but provides relevant information for the design of population-based interventions to promote PA.
Although, in general, no differences were found between excluded and included participants, a potential selection bias is present since we lost those with lower educated parents and with lower levels of sports. Therefore, those losses may have contributed to decrease the variability and reduce the strength of the association. Another limitation of our study is the lack of information about perceived characteristics of the urban environment, which could influence the use of the available facilities. However, as the majority of our participants lived in the same residence in both study waves, we expect similar perceptions and consequently a low effect in our results. The strengths of our study include the use of a population-based cohort with repeated measurements of leisure-time PA measured under standardized procedures, as well as repeated measurements of many confounders. This study found parental education and practice of sports in early adolescence as important determinants of leisure-time PA tracking. We found that UGS and OSS in the vicinity of participants' residence did not impact on changes in PA practice throughout adolescence.
Our results reinforce that programs to promote PA and practice of sports in childhood would be an important intervention against the epidemic of physical inactivity at later ages, especially among those with lower levels of leisure-time PA, such as girls, and those with more disadvantaged socioeconomic conditions.
